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Description 



[METHOD OF FABRICATING MULTI-BIT 
FLASH MEMORY] 

Cross Reference to Related Applications 

[0001] This application is a divisional of a prior application serial 
no. 10/248,374, filed January 15, 2003, now pending. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention relates in general to a non-volatile memory, 
and more particularly, to a multi-bit flash memory and 
method of fabricating the same. 

[0004] Related Art of the Invention 

[0005] Among various non-volatile memories, the flash memory 
has become a memory device broadly applied in personal 
computer and electronic equipment due to the advantages 
of multiple data accesses and data retention after power 
interrupt. 

[0006] The typical flash memory includes floating gate and con- 



trol gate made of doped polysilicon. The floating gate is 
formed between the control gate and the substrate and 
under a floating state without electric connection to any 
other devices. The control gate is coupled to the word 
line. The flash memory further includes a tunneling oxide 
and a dielectric layer located between the substrate and 
the floating gate, and between the floating gate and the 
control gate, respectively. While programming the flash 
memory, a positive voltage is applied to the control gate, 
and a relatively small voltage is applied to the drain region 
(or source region). Thereby, hot electrons generated be- 
tween the substrate and the drain region (or source re- 
gion) are injected through the tunneling oxide and 
trapped in the floating gate. The hot electrons are uni- 
formly distributed all over the polysilicon floating gate. 
Therefore, one flash memory cell can store either "1" or 
"0" and is a single-bit memory cell. 
[0007] The increase of semiconductor integration has driven the 
demand for developing multi-bit memory cells. For exam- 
ple, in the U.S. Patent No. 6,420,237, a method of fabri- 
cating a flash memory with multi-bit memory cells is dis- 
closed. In this disclosure, a floating gate is partitioned 
into two independent blocks to form the two-bit struc- 



ture. Again, the multi-bit memory cell cannot meet the 
high-density data storage requirement, and the memory 
cell able to store multiple bits is required. 
Summary of Invention 

[0008] The present invention provides a multi-bit flash memory 
and a method of fabricating the same. Multiple bits of 
data can be stored in a single memory cell of the flash 
memory, such that the device integration is increased. 

[0009] The present invention further provides a multi-bit flash 
memory and a method of fabricating the same to avoid 
over-erase and enhance reliability of the flash memory. 

[0010] The flash memory provided by the present invention com- 
prises a control gate on a substrate, a floating gate be- 
tween the control gate and the substrate, a source region 
and a drain region in the substrate at two sides of the 
floating gate, a channel region in the substrate under the 
floating gate, and an isolation region in the floating gate. 
The isolation region partitions the floating gate into a 
plurality of conductive blocks arranged as an array. The 
rows of the array extend from the source region to the 
drain region. Each row of the array comprises two con- 
ductive blocks, and each column of the array comprises n 
(n is a positive integer) conductive blocks. Before data is 



written into the multi-bit flash memory, the channel re- 
gions under the conductive blocks of the same row have 
the same threshold voltage, while the channel regions un- 
der the conductive blocks of different rows have different 
threshold voltages. 

[001 1] The above multi-bit flash memory further comprises a 

gate dielectric layer formed between the control gate and 
the floating gate, and a tunneling oxide layer formed be- 
tween the floating gate and the substrate. 

[0012] | n the above structure, the isolation region partitions the 
floating gate into a plurality of conductive blocks to form 
the multi-bit structure, and the channel regions under the 
conductive blocks of different rows have different thresh- 
old voltages. Therefore, multiple bits of data can be saved 
in a single memory cell to increase the device data storage 
quantity and integration. Further, as the floating gates are 
partitioned into individual and independent conductive 
blocks (that is, the bits are separated from each other), 
the problem of secondary electron injection is resolved, 
and the device reliability is enhanced. 

[0013] The method of fabricating a multi-bit flash memory pro- 
vided by the present invention comprises the following 
steps. A silicon oxide layer and a conductive layer are se- 



quentially formed on a substrate. An isolation layer is 
formed in the conductive layer to partition the conductive 
layer into a plurality of conductive blocks. An array 
formed of the conductive blocks includes rows extending 
from one bit line to another bit line, and columns each 
having n (n is a positive integer) conductive blocks. A gate 
dielectric layer is formed on the conductive layer. The gate 
dielectric layer and the conductive layer are patterned to 
form a floating gate. Bit lines are formed in the substrate 
at two sides of the floating gate. A control gate is then 
formed on the gate dielectric layer. A threshold voltage 
adjustment step is then performed to result in different 
threshold voltages for the channel regions under the con- 
ductive blocks of different rows. 
[0014] | n t he above method, the conductive layer includes ger- 
manium polycide. The method of forming the isolation re- 
gion includes forming a patterned photoresist layer ex- 
posing the region predetermined for forming the conduc- 
tive blocks on the conductive layer, following by an ion 
implantation step for implanting oxygen ions (or nitrogen 
ion) into the exposed region. An annealing step is then 
performed, such that the oxygen ions (or nitrogen ion) are 
reacted with the silicon of the conductive layer. 



[0015] The above method further comprises a step of forming a 
field oxide layer on the bit lines and a spacer on a sidewall 
of the floating gate. 

[0016] Further, in the above method, the isolation region parti- 
tions the conductive layer into a plurality of conductive 
blocks. The channel regions under the conductive blocks 
of different rows have different threshold voltages, such 
that a single memory cell has the multi-bit structure. 
Therefore, without increasing the volume of the memory 
cell, the stored bits of data and device integration are in- 
creased. Further, as the conductive blocks are separate 
from each other (that is, each bit of the memory cell are 
independent from each other), the problem of generating 
secondary electron injection is resolved. 
Brief Description of Drawings 

[0017] These, as well as other features of the present invention, 
will become more apparent upon reference to the draw- 
ings. 

[0018] Figure 1A shows a top view of a multi-bit flash memory in 
one embodiment of the present invention. 

[0019] Figure IB shows a cross-sectional view along A-A' of Fig- 
ure 1A. 

[0020] Figure 2 shows a top view of a multi-bit flash memory in 



another embodiment of the present invention. 

[0021] Figures 3A to 3F show top views of a flash memory fabri- 
cated in various processing stages. 

[0022] Figures 4A to 4F are cross-sectional views along the line 
B-B' as shown in Figures 3A to 3F. 
Detailed Description 

[0023] The structure of the multi-bit flash memory is described 
with reference to the accompanied drawings. Figure 1A 
(top view) and Figure IB (cross-sectional view) illustrate 
the structure of a multi-bit flash memory in one embodi- 
ment of the present invention. Figure 2 shows the top 
view of a multi-bit flash memory in another embodiment 
of the present invention. In Figure 2, Figures 1A and IB, 
the same devices are denoted by the same reference nu- 
merals. 

[0024] Referring to Figures 1A and IB, the flash memory com- 
prises a substrate 100, a gate structure 102, a source re- 
gion 104, a drain region 106 and a channel region 107. 
The gate structure 102 is located on the substrate 100. 
The source region 104 and drain region 106 are formed in 
the substrate 100 at two sides of the gate structure 102. 
The channel region 107 is located in the substrate 100 
under the gate structure 102 between the source region 



104 and the drain region 106. 
[0025] The gate structure 102 includes a tunneling oxide layer 
108, a floating gate 110, a gate dielectric layer 112 and a 
control gate 114. The control gate 114 is located on the 
substrate 100. The floating gate 110 is formed between 
the control gate 114 and the substrate 100. The gate di- 
electric layer 112 is formed between the control gate 114 
and the floating gate 110. The material of the gate dielec- 
tric layer 112 includes silicon oxide, silicon oxide/silicon 
nitride, or silicon oxide/silicon nitride/silicon oxide 
(ONO), for example. The tunneling oxide layer 108 is 
formed between the floating gate 110 and the substrate 
100. An isolation region 116 is formed in the floating gate 
110 to partition the floating gate 110 into a plurality of 
conductive blocks for forming the multi-bit structure. The 
conductive blocks are arranged as an array with rows ex- 
tending from the source region 104 to the drain region 
106. In the array of conductive blocks, each row com- 
prises two conductive blocks and each column comprises 
n (n is a positive integer) conductive blocks. Before data is 
written into the multi-bit flash memory, the channel re- 
gions under the conductive blocks of the same row have 
the same threshold voltage, while the channel regions un- 



der the conductive blocks of different rows have different 
threshold voltages. In this embodiment, a 2x2 array with 
four conductive blocks (110a, 110b, 110c and HOd) are 
exemplarily described. Therefore, under the status with- 
out any data written in the flash memory, the channel re- 
gions under the conductive blocks 110a and 110b of the 
first row have the same threshold voltage. Similarly, the 
channel regions under the conductive blocks 110c and 
HOd of the second row have the same threshold voltage. 
However, the channel regions under the conductive blocks 
110a and 110b have a threshold voltage different from 
that of the channel regions under the conductive blocks 
110c and HOd. 

[0026] | n the above structure, the isolation region 116 partitions 
four conductive blocks 110a, 110b, 110c and HOd, while 
the channel regions under the conductive blocks 110a and 
110b have different threshold voltage from the channel 
regions under the conductive blocks 110c and HOd. 
Therefore, four bits of data can be saved in a single mem- 
ory cell to enhance device integration. Further, these four 
conductive blocks (that is, these four bits) are indepen- 
dent from each other, such that the secondary electron 
injection is avoided, and device reliability is enhanced. 



[0027] | n the above structure, the floating gate 110 is partitioned 
into four conductive blocks 110a to HOd as an example. 
It is appreciated that the floating gate 110 can also be 
partitioned into more than four conductive blocks (such as 
six conductive blocks 110a to HOf as shown in Figure 2). 
By adjusting the threshold voltages of the channel regions 
under the conductive blocks of different rows to be differ- 
ent from each other, a six-bit memory structure is 
formed. 

[0028] The structure of a multi-bit flash memory is described as 
above. Hereinafter, the method of fabricating the multi- 
bit flash memory is introduced. Figures 3A to 3F are top 
views of the flash memory formed in various process 
stages, and Figures 4A to 4F are cross-sectional views 
along the line B-B" as shown in Figures 3A to 3F. 

[0029] | n Figures 3A and 4A, a substrate 200 is provided. The 
substrate 200 includes a silicon substrate, for example. 
An oxide layer 202 is formed on the substrate 200 as a 
tunneling oxide layer. The method of forming the oxide 
layer 202 includes thermal oxidation, for example. 

[0030] a conductive layer 204 is formed on the oxide layer 202. 
The material of the conductive layer 204 includes germa- 
nium polycide, for example. The method of forming the 



conductive layer 204 includes chemical vapor deposition 
with silane, germane and hydrogen as reaction gases. 
[0031] Referring to Figures 3B and 4B, a patterned photoresist 

layer 206 is formed on the conductive layer 204. The pat- 
terned photoresist layer 206 exposes a region of the con- 
ductive layer 204 predetermined for forming an isolation 
region. 

[0032] An ion implantation step 208 is performed using the pat- 
terned photoresist layer 206 as a mask. The dopant im- 
planted into the exposed region include oxygen ions. 
Oxygen ions are implanted into the exposed region to 
form the oxygen ion doped region 210. The dosage of the 
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oxygen ions is about 1x10 atoms/cm to about 2x10 
atoms/cm 2 , and the implantation energy is about 20 KeV 
to about 80 KeV, for example. In an alternative embodi- 
ment, the dopant implanted into the exposed region also 
includes nitrogen ions or other ions, which can react with 
silicon to form insulation material. 
[0033] Referring to Figures 3C and 4C, the patterned photoresist 
layer 206 is removed, and an annealing process is per- 
formed. The oxygen ions (or nitrogen ion) and the silicon 
contained in the conductive layer 204 are reacted into sili- 
con oxide (or silicon nitride) to form the isolation region 



212. The annealing process is performed at about 950°C 
to about 1150°C. The isolation region 212 partitions the 
conductive layer 204 into a plurality of conductive blocks, 
for example, the conductive layer 204 of a single memory 
cell is partitioned into four conductive blocks in this em- 
bodiment. 

[0034] a gate dielectric layer 214 is formed over the substrate 

200. The material of the gate dielectric layer 214 includes 
silicon oxide, silicon oxide/silicon nitride, silicon oxide/ 
silicon nitride/silicon oxide, for example. The thickness of 
the gate dielectric layer 214 is about 50 angstroms to 
about 150 angstroms, for example. The method for form- 
ing the gate dielectric layer 214 includes chemical vapor 
deposition, for example. 

[0035] Referring to Figures 3D and 4D, a patterned photoresist 
layer 216 is formed on the gate dielectric layer 214. The 
patterned photoresist layer 216 exposes a part of the gate 
dielectric layer 214 under which bit lines are formed sub- 
sequently. The exposed part of the gate dielectric layer 
214 and the underlying conductive layer 204 are removed 
to expose the substrate 200 predetermined for forming 
the bit lines. An ion implantation step 218 is performed 
using the patterned photoresist layer 216 as a mask to 



form doped regions 220 (bit lines) in the substrate 200 
exposed at two sides of the patterned photoresist layer 
216. The implanted ions include arsenic ions with a 
dosage of about 2xl0 15 atoms/cm 2 to about 4xl0 15 
atoms/cm 2 and an implantation energy of about 50 KeV. 
[0036] Referring to Figures 3E and 4E, the patterned photoresist 
layer 216 is removed. A thermal process is performed to 
form a field oxide layer 222 on the doped regions (bit 
lines) 222 and activate the dopant therein. The field oxide 
layer 222 is formed to isolate the doped regions 222 and 
the control gate (word line) formed subsequently. While 
forming the field oxide layer 222, a spacer 224 may be 
formed on a sidewall of the conductive layer 204. The 
spacer 224 provides isolation between the conductive 
layer 204 and the control gate (word line) formed subse- 
quently. 

[0037] a conductive layer 226 is formed on the substrate 200. 
The material of the conductive layer 226 includes doped 
polysilicon, for example. The method for forming the 
doped polysilicon includes in-situ implantation and a 
chemical vapor deposition process, for example. 

[0038] Referring to Figures 3F and 4F, a mask (not shown) is 

used to pattern the conductive layer 226, so as to define 



the control gate 228 (the word line). While patterning the 
conductive layer 226, the same mask is used to define the 
gate dielectric layer 214, the conductive layer 204 and the 
oxide layer 202 for forming a gate structure, which uses 
the patterned conductive layer 204 as the floating gate 
230. Consequently, the gate structure comprises a 
stacked structure of the control gate 228, the gate dielec- 
tric layer 214, the floating gate 230 and the oxide layer 
202. The floating gate 230 of each memory cell comprises 
four separate conductive blocks 204a, 204b, 204c and 
204d arranged in a 2x2 array. 
[0039] a step of adjusting threshold voltage is then performed. A 
patterned photoresist layer 232 is formed over the sub- 
strate 200 to expose the control gate 228 over the con- 
ductive blocks 204c and 204d. Ion implantation is per- 
formed using the photoresist layer 232 as a mask to im- 
plant dopant into the channel regions 234b under the 
conductive blocks 204c and 204d, so as to adjust the 
threshold voltage of the channel regions 234b. Therefore, 
the threshold voltage of the channel regions 234b under 
the conductive blocks 204c and 204d is different from 
that of the channel region 234a under the conductive 
blocks 204a and 204b. A single memory can thus store 



four bits of data at once. The subsequent process is 
known to the person of ordinary skill in the art, and is not 
further described. 

[0040] | n the above embodiment, oxygen ions are implanted into 
the conductive layer 204 to partition the conductive layer 
204 into a plurality of conductive blocks, so as to form a 
multi-bit structure. Therefore, without increasing the vol- 
ume of the memory cells, more bits of data are stored in 
each memory cell, and the device integration is increased. 
Further, the conductive blocks are independent and sepa- 
rate from each other, so that the problem of secondary 
electron injection is resolved. 

[0041] The dopant implanted into the exposed region not only 
include oxygen ions, but also include nitrogen ions or 
other ions which can react with silicon to form insulation 
material. 

[0042] | n addition, the isolation region 212 may also be formed 
to partition the conductive layer 204 into another number 
of conductive blocks instead of four conductive blocks. By 
adjusting the channel regions under the conductive blocks 
of different rows with different threshold voltages, various 
multi-bit structures are obtained. 

[0043] other embodiments of the invention will appear to those 



skilled in the art from consideration of the specification 
and practice of the invention disclosed herein. It is in- 
tended that the specification and examples to be consid- 
ered as exemplary only, with a true scope and spirit of the 
invention being indicated by the following claims. 



